With respect to multiple attribute decision making (MADM) problems in which the attribute value takes the form of intuitionistic trapezoidal fuzzy number, a new decision making analysis method is developed. Firstly, some operational laws and expected values of intuitionistic trapezoidal fuzzy numbers, and distance between two intuitionistic trapezoidal fuzzy numbers, are introduced, and the comparison method for the intuitionistic trapezoidal fuzzy numbers is proposed. Then, combined the power aggregation operator and the generalized aggregation operator, a power generalized average (PGA) operator is proposed, and some properties of the PGA operator, such as idempotency, boundary, commutativity, etc., are studied. At the same time, some special cases of the generalized parameters in PGA operator are analyzed. Furthermore, an intuitionistic trapezoidal fuzzy power generalized weighted average (ITFPGWA) operator is also proposed for the intuitionistic trapezoidal fuzzy information, and some properties of the ITFPGWA operator and an approach to deal with group decision making problems under intuitionistic trapezoidal fuzzy information based on the ITFPGWA operator are given. Finally, an illustrative example is given to illustrate the decision-making steps, and to demonstrate its practicality and effectiveness.
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Introduction
Multiple attribute decision making (MADM) problems are the important research contents of decision theory. Since the concept of fuzzy sets was proposed by Zadeh 1 , the significant achievements about the theory research and applications of fuzzy sets have been made. However, the fuzzy set is used to characterize the fuzziness just by membership degree. Atanassov 2, 3 proposed the intuitionistic fuzzy set (IFS) characterized by a membership function and a non-membership function, which is a generalization of the concept of fuzzy set. Xu and Yager 4 , Xu 5 proposed some aggregation operators with intuitionistic fuzzy information. Later, Atanassov and Gargov 6 , Atanassov 7 further introduced the interval-valued intuitionistic fuzzy set (IVIFS), which is a generalization of the IFS. The fundamental characteristic of the IVIFS is that the values of its membership function and non-membership function are interval numbers rather than crisp numbers. Xu information. Shu et al. 10 gave the definition and operational laws of intuitionistic triangular fuzzy number and proposed a decision method with intuitionistic triangular fuzzy information. Zhang and Liu 11 proposed the triangular intuitionistic fuzzy number which used the triangular fuzzy number to denote the membership degree and the non-membership degree, then the weighted arithmetic average operator was defined, and an approach to multiple attribute group decision making (MAGDM) with triangular intuitionistic fuzzy information was developed. Furthermore, Wang 12 , Wang and Zhang 13 gave the definition of intuitionistic trapezoidal fuzzy number and interval intuitionistic trapezoidal fuzzy number, and defined the expected values of intuitionistic trapezoidal fuzzy number and proposed a decision method based on intuitionistic trapezoidal fuzzy number. Wang and Zhang 14 proposed the Hamming distance of intuitionistic trapezoidal fuzzy numbers and intuitionistic trapezoidal fuzzy weighted arithmetic averaging (ITFWAA) operator, then proposed multicriteria decision-making method with incomplete certain information. Wang and Zhang 15 proposed some aggregation operators, including intuitionistic trapezoidal fuzzy weighted arithmetic averaging operator and weighted geometric averaging operator, and expected values, score function and accuracy function of intuitionitsic trapezoidal fuzzy numbers were defined, and a ranking of the alternatives can be attained. Wan and Zhao et al. 20 , this paper is to propose some operators, such as a power generalized average (PGA) operator and an intuitionistic trapezoidal fuzzy power generalized weighted average (ITFPGWA) operator, and study some properties of these operators, such as idempotency, boundary, commutativity, etc. Then propose an approach to deal with group decision making problems under intuitionistic trapezoidal fuzzy information.
Preliminaries
The intuitionistic trapezoidal fuzzy numbers
In the following, we shall introduce some basic concepts related to intuitionistic trapezoidal fuzzy numbers. Definition 1 [12] [13] [14] [15] : Let be an intuitionistic trapezoidal fuzzy numbers (ITFNs), its membership function is defined as , , (
Its non-membership function is defined as 
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The power operator
Yager 23 introduced a nonlinear weighted-average aggregation tool, which is called power average (PA) operator, and which can be defined as follows: 
The PGA operator is a generalization of the PA operator by using generalized means. It can be defined as follows. Proof. Let 
Where (0, ) .
According to Definition 2, formula (20) can be transformed into the following form by using mathematical induction on : where is a distance measure in definition 3. Some special cases of the ITFGWA operator are shown as follows.
(1) When 0 ,
Theorem 6. Letting ( , ) , for all , (1 ( 1) )
(1 ( 1) ) 1 1 Similar to Theorem 3, 4 and 5, it can be easily proved that the ITFPGWA operator has the following properties:
(1) Theorem 6 (Commutativity Based on these conditions, we can give the steps of the decision making for the fuzzy multi-attribute group decision making problems. 
Standardize decision matrix
The group decision making approach based on ITFPGWA operator
Step 1. Calculate the supports.
( , ) 1 ( , ), , 1,2, ,
which satisfies the support conditions (1)- (3) which is defined by formula (14).
Step 2. Calculate ( )
Step 3. Calculate the weights ( 1,2, , ) associated with the intuitionistic trapezoidal fuzzy
Step 4. Aggregate the evaluation information of each expert by ITFPGWA operator 
Step 5. Calculate ( )
Step6. Calculate the weights ( 1,2, , ) associated with the intuitionistic trapezoidal fuzzy
Step 7. Calculate the comprehensive evaluation value of each alternative 
Step 8. Rank ( 1,2, , ) in descending order by using the ranking method of intuitionistic trapezoidal fuzzy number described in Definition 6.
Step 9. Rank all the alternatives and select the best one(s) in accordance with the ranking of ( 1,2, , ) .
Step 10. End.
Example
A practical use of the proposed approach involves the evaluating the technological innovation ability of the four enterprises 1 2 3 4 , , ,
, the evaluating attributes have the ability of innovative resources investment 1 , the ability of innovation management 2 , the ability of innovation tendency 3 and the ability of research and development 4 . Based on the four attributes, the three experts The attribute values given by the experts take the form of intuitionistic trapezoidal fuzzy numbers, shown in Tables 1, 2 and 3. The problem is ranking the four enterprises based on their technological innovation ability. Table 1 Attribute values of alternatives given by In addition, in order to verify the validity of the method proposed in this paper, we adopt the same the method proposed by Wang and Zhang 15 , and re-rank the alternatives .The ranking result is shown as follows: 2 1 3 4 . Obviously, two methods have the same ranking results; this verifies the validity of the method in this paper.
Conclusion
In this paper, with respect to multiple attribute decision making (MADM) problems in which the attribute value takes the form of intuitionistic trapezoidal fuzzy number, a new decision making analysis method is developed. Firstly, some operational laws and expected values of intuitionistic trapezoidal fuzzy numbers, and distance between two intuitionistic trapezoidal fuzzy numbers, are introduced, and the comparison method for the intuitionistic trapezoidal fuzzy numbers is proposed. Then, combined the power aggregation operator and the generalized aggregation operators, we propose a power generalized average (PGA) operator, and study some properties of the PGA operator, such as idempotency, boundary, commutativity, etc. At the same time, we analyze some special cases of the generalized parameters in PGA operator. Based on the support measure, the weights associated with PGA operator are derived directly from the aggregated intuitionistic trapezoidal fuzzy information, and are in accordance with the principle that the more support (or closer) the intuitionistic trapezoidal fuzzy to all the other values, the more the weight. Therefore, the developed operator can relieve the influence of unfair arguments on the aggregated results, and thus can make the aggregated results more reasonable. Furthermore, we also propose an intuitionistic trapezoidal fuzzy power generalized weighted average (ITFPGWA) operator for the intuitionistic trapezoidal fuzzy information, and give some properties of the ITFPGWA operator and an approach to deal with group decision making problems under intuitionistic trapezoidal fuzzy information based on the ITFPGWA operator. The prominent characteristic of the developed approach is that they can take all the decision arguments and their relationships into account. Finally, an illustrative example is given to illustrate the decision-making steps, to verify the developed approach and to demonstrate its practicality and effectiveness. In the future, we shall continue working in the extension and application of the developed method to other domains.
